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issue of this publication data in convenient form for these very common 

part of this article which conversions 
nental principles, and de Kinoshita® recently developed the following 
mon methods and equipment equation for converting kinematic viscosity v (cs) 


iscosity. This issue contains the determined at temperature Ct ( F.) into Saybolt 


ling part which discusses: vis Universal Seconds The equation 1S regarded as 
s; the effects of temperature highly accurate because it includes determination 


radiation On viscosity temperature and is satisfactory for kinematic Vis- 
id flow in cosities greater than 2cs and temperatures between 
0 and 300°! 
(4.6050+0.000297t ) v 
’ — -- eaene — y SL~LS 
VISCOSITY UNIT CONVERSIONS 0.074 0.9538 
, Lv 
, , 1 1O 
' t et 11n a particular viscometer 
re an be converted to the —_ . r . 
: been ob. Minematic to Redwood No. 1 (Standard) 
CC OD 


The following Kinoshita® equation for this con 


version is highly accurate for kinematic VISCOSITIES 
above >) centistoke S and 


and 210°! 


ome other 
he most ao 
minaienen temperatures between 70 
peratul 


1.037 +-0.000344t ) v 
which 
Wrlict) Re Iwood Seconds 


rsion py V- 
nversions ¢ — 0.06668v 


704 
The following five groups of equations provide 


rs cm ; ) sions in the opposite di 1 > 
Kinematic to Saybolt Universal and Furol conversions in the opposite direction with sufficient 
ae uccuracy for most purposes within their indicated 
ASTM Metho 1-4¢ Standard Method for 
} 1] 


itic Viscosity t = vbolt Ini . 
gop tess } aybole { Mi- and “vy” the desired kinematic viscosity in centi- 
ASTM Meth a D666 - s 
r Conversion of Kinematic 


1! ASTM = Saybolt Universal to Kinematic 
ASTM i 


ranges. In all cases “T” is the efflux time in seconds 


100 seconds V 





Savbolt Furol to Kinematic 


VISCOSITY-TEMPERATURE 
RELATIONSHIP 


t 


Redwood No. 1 (Standard) to Kinematic 


T 


i 


Redwood No. 2 (Admiralty) to Kinematic 


Degrees (E ) to Kinematic 
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iracteristics are the ASTM 
ASTM Method D-341-43, 

Standard Viscosity Temperature Charts for Liquid 
Products ind the Viscosity Index 
stem of Dean and Davis 


nperature Chi 
harts (described in 


Neul4n 


ASTM Charts 


these charts were modified slightly and 
ASTM Standards 


ie) 


Me £4 


Five varieties similar 


are now available with 


| 


ranges and either kinematic 


il viscosity scales. These charts 


simple graphical solutions to 


many vis 


re problems For example if vis 


oil at two different temperatures 


are plotted and a straight 
j 


then intermediate and 


it other temperatures may 


1e line. Extrapolations as high as 


point and as low as the cloud 


11 are 


in fact the viscosi 
required by the SAE Crankcase Oil Vis 


| 


permissible 
sification System (which may be as high 
t Universal Seconds ) are habitually 
ly obtained by extrapolating the 
line established by their vis 
210°! straight 
non-Newtonian fluid at 


However! a 


and below its cloud point 
viscosity determinations by extrapolation 
than 
by low shear vis 


tubes. On the « 


on are apt to be considerably lower 


VISCOSITIECS obtained 


ther hand, 
gree more closely with ap 


conditions of 


horizontal 


te! ipe rature changes 


rature lines shown 
al oil and several synthetic 
| | +} 


lar silicone has i¢ 


ile the 


commonly used today is shown in Figure 23 and is 
actually the ASTM Viscosity-Temperature Chart 
modified as follows 

The function log log (v + 0.6), representing 
the vertical scale (ordinate) of the ASTM chart, 
is almost linearly related to the composition of a 
two-component oil blend as well as to the tempera- 
ture variable, log (t + 460). The ASTM vertical 
scale is accordingly used without change while that 
portion of the horizontal scale (abscissa) between 
0° and 100° F. is simply re labelled 0 to 100 per cent, 
and used to represent the per cent by volume of the 
high viscosity oil in the blend. To use the chart, 
plot the viscosity of the /ow viscosity oil on the 
zero per cent line and the viscosity of the high vis- 
cosity component on the 100 per cent line. If the 
two points are connected by a straight line, the 
required volumetric composition of any blend of 
intermediate may be read. Conversely, 
when the viscosities of the two components and of 


VISCOSITY 


a blend made from them are known, the composi- 


tion of the blend can be estimated 


Viscosity Index (V1) 

Largely because of the convenience of the single 
simple number it uses to express the viscosity tem 
perature characteristics of an oil, the Viscosity In- 
dex (VI) system devised many years ago by Dean 
and Davis continues to be widely used in the petro 
leum industry. This wholly empirical system is 
based upon comparison of VISCOSITY measurements 
yn fractions from crude oils “L” and “H” which were 
chosen bec iuse they se med to possess the absolute 

aximum and minimum limits of viscosity tem- 
perature sensitivity and were accordingly assigned 
Viscosity Indices of 0 and 100 as the presumed end 
points of a 100 point Viscosity Index scale. While 
ll other oils were expected to fall between these 
the subsequent advent of solvent refining, 

of additives like the polymers, and the man 
ture of synthetics have all produced lubricants 
far outside the Viscosity Index scale in 
tions 
Viscosity Index of an oil is obtained by de 
100°F. and 210°F., ob- 
100° F. for those fractions 
ind H that have the same 210°F 


ind three 


its VISCOSITICS at 
he viscosities at 
viscosity at 
the 
viscosities in the following equation 
L—l 100 L—U 

L—H D 
the viscosity at 100° F 
VI fraction of oil I 
at 100°F. of the 100 

VI fraction of oil H 


ty at 100°F. of the 


nknown oil substituting 


100 


of the zero 


viscosity 


unknown oil 
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PERCENT OF LOWER VISCOSITY PRODUCT BY VOLUME 
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°o 


VI SCALE 


VISCOSITY 








100°F 210°F 


Figure 24 — Schematic representation of viscosity index. 


Since the term L—H is a constant for any given 
210°F. viscosity, some Viscosity Index tables per- 
form the subtraction and list the result as equation 
term D 

Either Saybolt or Kinematic viscosities can be 

sed, though the latter are preferred because of 
their greater accuracy. Figure 24 presents a sche- 
matic illustration of the Viscosity Index System 


Significance of Viscosity Index 


As mentioned before, a prime requisite for any 


lubricant is that it have the proper viscosity under 
its actual operation conditions. If these involve 
wide variations in temperature, it is desirable from 
this viewpoint alone to use an oil having a high 
VI, i.e. one that shows relatively little change in 
viscosity with temperature. On the other hand a 
mechanism located in a heated room where only 
small changes in temperature are encountered is in- 
different to viscosity index and other oil properties 
more important. The only meaning that should 
attached to VI is that it is an indication of the 
ange of viscosity with change in tempera- 

tells nothing about other qualities of the 
The application and 


} 
if 


range of temperatures that 
be encountered are the only factors that should 
considered in choosing an oil of high or low VI 


The Viscosity Index System 


has a number of 


ATED ASTM VI 


' 
. 


CALCU 





4 rt ‘ ‘ 





A 4. 4 A 
100 150 
VISCOSITY, CS. AT 210°F. 


ated viscosity index vaiuves for ideal oils 


viscosity with temperature) vs 


at 210 F 


viscosity 


1. The system breaks down for very light oils 
having a viscosity below about 8 centistokes at 
210°F. 

2. As illustrated in Figure 25 the viscosity index 
of an oil having exceptionally good viscosity-tem- 
perature properties unfortunately depends on the 
oil's viscosity! The curve represents calculated VI 
numbers for hypothetical oils having mo variation in 
viscosity with changes in temperature i.e. infinite 
viscosity index. The VI values actually vary from 
100 to 350 depending on the viscosity of the oil at 
210°F. 

3. The VI system is based on arbitrary standards 
no longer suitable today. 

{. Viscosity Index is not an additive property. 
The VI of an oil blend can not be computed re- 
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Figure 26 


liably by taking the weighted average of the VI's 
of each individual component, particularly when 
widely different types of oil are involved 

In the range above 125 viscosity index, anom 
ilous res 


1 


Its are possible since two oils with the 
ne viscosity at 100°F. but with different vis- 
210°F. may have the same VI. This is 
shown in Figure 26 which is a plot of ASTM con- 
stant VI lines with viscosity scales on the same basis 
the ordinate of the ASTM kinematic viscosity 


temperature chart). The lower diagonal line repre- 


Sal 


cosities at 


sents a series of hypothetical oils having the same 


sity at 100 


and 210°F. All points above this 
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if weights between OUI 


as 700,000 have 
s of compounds are f 
ethacrylates, and nitrogen-con 


also imparting disper 


the latter 


These compounds have relatively 


coethcients 1.€. relative Ly 


slopes. When added to an 


ature 
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re 


viscosity relatively more a 


eness of VI Improvers 
yf a polymers Vi 
reasing lar weigl 


lepenac on the type of 
veness can luat 
the viscosity contrib 


00°! Ising 


waliua 1 }y 


pe evaluat¢ 


blend 


Viscosity Index Improverts 
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hx 
Action 


scosity Of an 


Re 
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lymer molecule to change in 
re is dependent on its solubility 
r solvent, the internal attract 
ntermolecular forces cause the 
url p into small compact 

ach other with a resultant 


mnfiguration represented by a 
ass In 


this compact state, the 


relatively little to increasing 


se in temperature, however, the 
in size, thus contributing more 
viscosity. This nullifies somewhat 
the higher temperature in re 
ity. All told, the thickening 

in a poor solvent is greater at 
h the result that viscosity 

cs are improved 
olymer mole i¢ s, beca s¢ 
eC lar forces re unc rie ) 


tant greater volume. Hence, with it 


polymer, being alread 


raising ViSCOSiITty 


pendent 
solut ter tics il in i] The best Vi I! 
provers are lineas lymers that are near their pre 
cipit n point at the lowest temperature 
ter 


lar 


encoun 


nnolerl irled or ef 
col et ncuriea Or cn 


EFFECT OF SHEAR ON VISCOSITY 


d oil is non-Newtonian 


nicKkene¢ 
ty Will vary with rate of shear 
However 


anotner importat t 


n oils containing 


higher 
Th 
promis¢ 


ViIsScOS 


i mechanical 


the large polymer mok 


in bearing theory since the pressures encountered 


ity of a polymer oil at varying shear rates and found 
only a 6 per cent temporary loss in viscosity at shear 
rates of 500,000 to 700,000 sec.~! 

The Petroleum Institute (API) in 
conjunction with the ASTM conducted an investi 
gation On viscosity variation with shear rates up 
to one million reciprocal seconds which is reported 
in ASTM Special Technical Publication No. 111, 
Symposium on Methods of Measuring Viscosity at 


High Rates of Shear 


oils studied, 
designated 


1 API 103 and 104, with a viscosity of 
about 155 SUS at 100°F., were polymer-blended 
The work indicated that 

j 


oils undergo 


American 


Two of the 


oils 


these low viscosity 
a 50-40 per cent temporary viscosity 
rates of )U.O00 to 1.000.000 sec. 

[hese shear rates are cor iparable to those found in 
automobile engines. Oil API-104 which contained 
a higher molecular weight polymer than oil API 
03, showed a greater temporary loss in viscosity 


Klaus and Fenske!” 


1OSS at shear 


recently reported On ViSCOS 
ur characteristics of lubricants and 
Its to typical parts of hydraulic 


otner 


related 
systems and 
bricated mechanisms. In measuring shear 

pl Mmps they 
osity decrease of 2 to 2] per cent on a 


lar polymer-blended hydraulic oil. They con 
th 


f hydraulic found a perma 


it in typical service permanent viscosity 
in be kept low and insignificant if the oil and 

ilymer are properly selected and blended 
Altho work has been done in 
lying the ettects of high shear rates on the vis- 
of polymer blended oils more studies arc 
this very important field because of the 
variables and different types of oils and 

rs involved 


th considerable 


EFFECT OF PRESSURE ON 
VISCOSITY 


bricating oils are subjected to high pres 
res, of the order of several thousand psi (pounds 
are inch ), their viscosity increases markedly 

ire on an oil film lubricating a bearing 

order of magnitude its effect On vis 
Id be Only within the past 

years however has the eftect of pressure on vis 


lating to bearing lubrication become signi 


ant. Before 


When | 


sho 


conside red 


r 
T¢ 


this effect usually was not considered 


1 I 


moderate that viscosity was not materially 


Today this is no longer true. Lubricant film 


p to 200,000 psi and more may be en 
in ball and roller bearings and in gears 


pressure affects viscosity very mucl 


considered in the lubrication and de 
elements 


al-bearing calculations 


lisregarded on the as 


Fenske, M. R 
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several tempecrat 
at constant 

' , 

increase 1S less at the 


ition, the more par 


ain critical pressures de 


re while the other oil 
viscosity. If ten perat 
oils will also solidify 
leum prod ct 


VISCOSITY by a 


CENTIPOISES 


re 1S increase 


tions be twee 


VISCOSITY, 
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halate and the sebacate oils have some 
changes in viscosity with pressure but 
in VI 
siderable amount of data relating 
re for a number of different oils 
here still is a scarcity of data 


iscOsity-pressure effects with actual lu 


mance On a variety of machine ele 


mn, accurate and fundamental re 
changes need to 
mnection with an ASME project 
" 


butions to the knowledge in this 


Viscosity-pressure 


Needs'” reported on the vis 
Hersey 


lescribed experiments on imperfect 


in a journal bearing 


1 visCosity-pressure effects and Stern 


on the influence of pressure and 


on oil viscosity in thrust bearings. More 
; 


pe are needed for a still better under 


eftects as related to lubrica 


f an oil depend 


s on both 


j 


re, it would be highly de 


lamental cx 
\ relations 
bricants. Work of this nature has 


ber of equations have been 


temperature-pressure 


have limitations and more 


osity-pressure eftects has r¢ 


ot lower viscosity oils 


equations would have 


in less fluid friction 


and lower power 


} 


of this type are collected an 


oice of lubricants for 


Will be p ssible 


EFFECT OF NUCLEAR RADIATION 
ON VISCOSITY 

Atomic Age’ or more 

1 N iCiear 


ppliers of pe 


ot the 
Energy Age) in 
troieum products 
factor to contend with regard 


her properties for that matter 


namely, the effects of nuclear 


Present datz hat wh 


type. In general, paraffinic oils show a greater in 
crease in viscosity than naphthenic oils. Synthetic 
lubricating oils usually show an even greater in- 
crease in viscosity than the paraffinic ones. Viscosity 
increases at 100°F. vary from only a few per cent 
to 1000 per cent and in extreme cases the oil be 
comes a solid 

Carroll and others'’ in studying the radiation 
stability of hydrocarbon fuels ( gasoline, kerosine, 
}P-3, JP-4, JP 
in viscosity upon irradiation but only significantly 


at dc Saves abc VE 


jet fuels) found all fuels increased 


10" roentgens where. some in 
creased from one to 200 centistokes at 100° F 
Oils containing VI polymers behave in an un 


al manner when irradiated. Initially at relatively 


low dosages, viscosity decreases. Then as radiation 
is increased still further, viscosity increases to even 
several times the original value. The over-all effect 
On VISCOSITY depends on several factors These in 
clude molecular weight and concentration of the 
VI improver, radiation type and dosage level and 
the use of inhibitors. Certain compounds, for ex 
ample didodecyl selenide, have been found very 
effective in reducing radiation damage as indicated 
by VISCOSITY changes 

Rice!® 
of polymer-blended hydraulic oils found that in 


creasing radiation exposure results in decreases 1n 


in studying the gamma radiation stability 


VISCOSITY inde X 


Mechanism of Radiation Effects 


Viscosity increases upon irradiation are largely 
Jue to a process termed crosslinking which is simi 
Molecular fragments formed 


bine to 


lar to polymerization 
in an oil during irradiation may also recom 
form molecules larger than the original oil mole 


Lighter molecules and gases such as hydrogen 


cules 


and methane, may also be formed 


When polymers are irradiated, broken bonds re 
sult and the cleavage is permanent when the break 
occurs in the main chain of the polymer. This causes 
a lowering of viscosity at initial relatively low dos 
However as the radiation level 


aves 


increases 
crosslinking predominates with a resultant rise in 

Viscosity 
With an ever increasing use of nuclear energy 
s of nuclear radiation on viscosity will become 


and will have to be considered 


} 


} 
widespread 


are high enough) before a proper 


} tor specific ap 


Dricants Can be made 


VISCOELASTICITY 


r sections several factors affecting 


bricants have been discussed 
re and shearing effect 


ences on viscosity have 


De 
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this problem and to recommend research programs 
for collecting basic data 


FILM LUBRICATION 


The primary function of any lubricant is to re 
ce friction between elements of a mechanism 
moving relative to each other. The three ty 
fluid lubrication are 


; 
pes ot 

1. Hydrodynamic (also known as “complete 

thick film” or “fluid film” lubrication ) 
Boundary or thin film lubrication. 
Incomplete (also known as “semifluid” or 
quasihydrodynamic” lubrication ). 

The type of lubrication depends primarily upon 
the thickness of the lubricating film, which in turn 
ler } mn | } » ed be y decio nN 
epends on load, time, speed, aring design, tem 

BEARING i gg lege 
perature and actual lubricant viscosity in the 
bearing 


Oil film wedge in bear ng 


Hydrodynamic Lubrication 


In this type, the moving parts are separated from 


l 
a film thicker than about 


10.000 
Almost all bearings depend for their 


operation upon oil-film pressures which carry the 


This film pressure is generated by hydro 
tion as illustrated in Figure 30. The 
rnal has a diameter slightly less than 

As the shaft rotates, its center is dis 
the bearing center and a wedge shaped 
ed between the two surfaces. As oil 

O this passage pre ssure 1S deve loped 

of the oil and the shaft 

ilm. Viscosity of the oil 

tor in this type of lubrication 


iction, there is no wear 


Bounory ! | 
LUBRICATION HYDRODYNAMIC ____ 
ZONE —=4 LUBRICATION ZONE 
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COEFFICIENT OF FRICTION, f 
SEMI FLUID ZONE 
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e the moving parts do 


not touch each other and 
y low friction losses are encountered which are 


solely to the viscosity of the oil 


only a 


Coetticients 

hundredths or 
For these reasons, whenever possible, 
} 


ace signed 


few 


ure to operate in the region 
I brication 
{rostatic thrust bearings!” the load is 


subsequently carried by oil pres 
ly supplied by a pump. As a result, the 


ig oil always and completely separates the 


1 ane 


film has been established between 
and 


l 
epends on tl 


ts bearing, the coefficient of 
1e speed of rotation, the load 
uring, the oil viscosity at the bearing tem 
aring design and condition 
limensions, and hydrodynamti 


lent of 


For 

} 
lubri 
friction, f, 1s 
n ot the 


an apf 


dimensionless 


ZN 

Pp 
te viscosity (centipoises), N 
tions per minute ), and P is the 
are inch on the projected area 
relationship is shown in Fig 


by increas 


by decreasing speed ot 
oil 

at the laws 
apply. Re 


coetnhcient 


lowering viscosity the filn 


n thickness to such a point th 
brication no longer 


is seen that the 
rh in 


vn inimun point 
fluid where both 


this 
ZOoMme 
ndary forces play a rok 


ZN 


whe 


| 
bri KEN 


rubbing parts 


} 


has 


: : : 
chemical properties of the 


now import Protection 


ts of boundary 


ant 


ite 
20.000 miles 
1 mileage 


Fluid flow in pipes is dependent on several prop- 
erties of the fluid (e.g. viscosity, density) and of 
the pipe system (length, pressure or head, flow 
velocity, diameter, shape, and pipe roughness). In 
any completely filled pipe through which a fluid is 
flowing, friction causes a continuous loss of head 
or “pressure drop” which must be determined when 
designing the pipe and in many other engineering 
problems which involve fluid flow 

The fundamental equation for calculating the 
loss of head in circular pipes (generally known as 
the D'Arcy or Fanning formula) is 


h t 
where h is the loss of head (feet, equivalent to 
height of a column of liquid giving the 
pressure necessary 
tion loss ) 


to overcome the fric 


is the friction 


quantity ) 


factor 


(a dimensionless 


D is the internal diameter (feet ) 

L is the length of pipe (feet) 
V isthe velocity of flow (feet per second ) 
g is the acceleration of gravity (32.2 feet per 
second per second ) 

problems, L, D and V usually are known 


given, thus if the friction factor, f, 
termined 


In flow 


or can be de 


then the loss of head can be calculated 
This is where viscosity plays its part as an impor- 
tant component of the previously-defined Reynolds 
Number (R) which for this purpose is expressed 

in English system units as follows 

DVp DV 

R — —— 

n Vv 
in which D is the pipe diameter (feet), V is the 
flow velocity (feet per second ), p is the fluid dens 
ity (pounds per cubic foot), 7 is the absolute vis 
cosity of fluid ( pounds of mass per foot 
v is the kinematic viscosity (square 
feet per second: one stoke is equivalent to 0.001076 
Sql t per second ) 


the 
} j 
second) and 


are Tet 


Laminar Flow 


In lal 


inar or streamline flow 


2? 000) the 
pre yportional to R 
64 

R 

pipe 


WwW zone 


(Reynolds Num 
friction 


and is 


1 
less than 


ber factor is 


by 


piven 


and is independent of the ro 


This is shown graphically ir 


of the diagram presente: 


which was deve loped by Moody 


Turbulent Flow 


tween mbers of about 2.000 and 


| ‘ 2% 
ibel le Figu VL, 


in 





Sadid s0j/NI41D Ul MOLy 404 JAQWAP SPyOUAay “SA jUGIDIZ{@OD UONII44 Ze aunBiy 


A 
S00 AQ ‘Y3SWNN SGTONASY 
2009. 


gl > G (9012 90! S (cONZ cOl SF (,0I)2 40! S (02 ¢Ol 
10 000°0 T T T T T T T T T T T 





$0°000°0 
1000°0 
2000°0 
»000°0 























100°0 





200°0 





Zz. 
~ 
e 
< 
U 
~~ 
io 
a 
2 
— 
— 


¢00°0 
900°0 
10°0 
S10°0 
20°0 
£0°0 





YOLIVA NOI LOIS 

















\ 


. \ 
S00 a 
—_—-— —+— S3dld HONOY ‘ SONIINGYNL 3L37dWOd Sanne v sinet ve 


¢ 
> JNOZ NOILISNVYL—s 


SS3NHONOY 3NOZ TWIILIWI— 
a MO1d BYNINY 1~ 

















LUBRICATION 


0.05 


0.02 
0.0! 
0.005 


€ 
D 


0.002 
0.00 | 
0.0005 


GALVANIZED 
IRON 
0.0002F 
0.000 | 

0.00005 Pe 


% COMMERCIAL STEEL 
4, OR WROUGHT IRON 


7 
%€ = 0.00015 
4, 


ASPHALTED CAST IRON 
€ = 0,0004 


Y) 
Y) 
LiJ 
= 
< 
© 
| 
O 
ta 
LJ 
S 
~ 
a 
- 
uJ 
x 


0.00002 
0.0000 | 
0.000005 : 











FRICTION FACTOR, f , FOR COMPLETe TURBULENCE 
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Figure 33 Chart for determining relative roughness of pipes 
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YOUR TEXACO 


LUBRICATION REPRESENTATIVE 
ALWAYS HAS 


SEASONED TECHNICAL HELP NEARBY 





coast, Texaco Technical Service Representative to solve your toughest lubrica- 


to supply your local Texaco tion problem Texaco Inc., 135 East 42nd 
representative with detailed tech Street, New York 17, N. Y. 
ivice on short notice 
trained and experienced, these Tech TUNE IN: Tex 
nical Service Men are equally at home in labo 
ratory or field. They work closely with Texaco 


laboratories in developing new products. Then 


v-through with thorough testing in the field T E. X A Cc O 


is the kind of practical technical Throughout the United States 


yur Texaco Lubrication Canada + Latin America * West Africa 
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TEXACO 


ORDINARY CAR OIL 
OILS BUT _1960 HOW 


CONGEAL ~— FLOWS 


FOR IMPROVED WICKABILITY IN WINTER leading the winter. And of course you get the tough, low 
) r Texaco Car Oil 1960 HDW vear, low-friction protection that’s built into all 
W f inter his is a sp W-VISCOSity grades of Texaco Car Oil 1960 HD. 
T } For more information about Texaco Car Oil 
1960 HDW, call the nearest Railway Sales Divi 
iny other car on Office. There’s one in Atlanta, Chicago, New 
1 HDW give York, San Francisco, St. Louis and St. Paul. O1 
n ra vrite Texaco Inc., Railway Sale Dir 
East 42nd Street, New York 17, N. Y. 


TEXACO INC. * * * DIVISION OFFICES 

ATLANTA, GA 864 W. Peachtree St., N.W. HOUSTON 2, TEX.............P. O. Box 2332 
BOSTON. .830 Boylston St INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
BUFFALO 5, N.Y . P.O. Box 368 LOS ANGELES 5, CAL 3350 Wilshire Blvd 
BUTTE, MONT 220 North Alaska Street MINNEAPOLIS 3, MINN 1730 Clifton Place 
CHICAGO 4, ILL 2 higan Avenue 5 NEW ORLEANS 16, LA 1501 Canal Street 
DALLAS 1, TEX 151 mmerce Street NEW YORK 17,N.Y 135 East 42nd Street 
DENVER 3, COLO 1570 Grant Street NORFOLK 2, VA 3300 E. Princess Anne Rd 

SEATTLE 1, WASH 1511 Third Avenue i 


Texaco Petroleum Products are manufactured and distributed in Canada by Texaco Canada Limited 


Brookline 46, Mass 














wy 


we 























